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1. 

APPARATUS AND METHOD FOR CHARGING 
BATTERY OF ELECTRIC DEVICE HAVING 

MOTOR 

CLAIM OF PRIORITY 

This application makes reference to, incorporates the same 
herein, and claims all benefits accruing under 35 U.S.C. S 119 
from an application earlier filed in the Korean Intellectual 
Property Office on the 2 Sep. 2011 and there duly assigned 
Serial No. 10-2011-00892.12. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
the present invention relates to an apparatus for charging a 

battery of an electric device that has a motor by not charging 
the battery before the electric device is used, and to a method 
for charging a battery of an electric device that has a motorby 
using the apparatus. 

2. Description of the Related Art 
Electric devices with motors run on either a 220V AC 

supply or on batteries that produce electrical power to the 
motors. While AC supplies are being used to power these 
motors, however, batteries are deemed to be continuously 
discharged due to their power consumption. Accordingly, 
batteries need to be charged before use. 

SUMMARY OF THE INVENTION 

One or more embodiments of the present invention include 
an improved apparatus for charging a battery of an electric 
device. 
One or more embodiments of the present invention include 

an apparatus for charging a battery of an electric device that 
has a motor by not charging the battery before the electric 
device is used. 
One or more embodiments of the present invention include 

a method for charging a battery of an electric device that has 
a motor by using the apparatus. 

Additional aspects will be set forth in part in the description 
which follows and, in part, will be apparent from the descrip 
tion, or may be learned by the practice of the presented 
embodiments. 

According to one or more embodiments of the present 
invention, an apparatus for charging a battery includes a load, 
a motor for driving the load, a battery that Supplies electrical 
power to the motor, a generator that converts kinetic energy 
that is generated by the motor electric energy, and a control 
unit that senses a amount of the load of the load and, if the 
amount of the load is less than a reference value, charges the 
battery by a first charging mode. 

The first charging mode may be used to charge the battery 
by using the electric energy that is output from the generator. 

The apparatus may further include an external power Sup 
ply unit that Supplies electrical power to the apparatus. The 
control unit may control the battery to be charged by using the 
electrical power Supplied by the external power Supply unit. 
The apparatus may further include a charger that is con 

nected to the external power Supply unit to charge the battery. 
The control unit may control the battery to be charged by 
using the electrical power Supply provided by the charger. 

The control unit may control the battery to be charged by a 
second charging mode by using a power dump. 
The power dump may be generated when the motor is 

turned to an off state from an on-state or turned to an on State 
from an off state. 
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2 
The apparatus may further include a regulator that main 

tains constant the Voltage used to charge the battery. 
The apparatus may further include a backflow prevention 

unit that prevents backflow of electrical current from the 
battery. 
The control unit may control the battery to be charged by a 

third charging mode which may be manually selected by the 
users input. 
The apparatus may further include a manually operable 

button that enables a user to initiate the third charging mode. 
When the userbutton is pushed, the battery may be charged 

by using the electric energy output from the generator. 
When the userbutton is pushed, the battery may be charged 

by using the power Supply provided by the external power 
Supply providing unit. 
When the userbutton is pushed, the battery may be charged 

by using the charging power Supply provided by the charger. 
According to one or more embodiments of the present 

invention, a method of charging a battery is provided. The 
method of charging the battery that is used to operate an 
electric device which includes a motor for driving a load and 
a battery for supplying electrical power to the motor. The 
method of charging the battery includes sensing the amount 
of the load of the load; and charging the battery by a first 
charging mode when the sensed amount of the load is less 
than a reference value. 
The first charging mode may be used to charge the battery 

by using electric energy that is converted from the kinetic 
energy which is generated by the motor. 
The charging process may include charging the battery by 

a second charging mode by using the dump of power. 
The dump of power may be generated when the motor is 

turned to an off state from an on-state or turned to an on State 
from an off-state. 
The charging process may include charging the battery by 

a third charging mode in response to user's input. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention, and many 
of the attendant advantages thereof, will be readily apparent 
as the same becomes better understood by reference to the 
following detailed description when considered in conjunc 
tion with the accompanying drawings, in which like reference 
symbols indicate the same or similar components, wherein: 

FIGS. 1A through 1D illustrates electric devices con 
structed with motors and batteries, as embodiments accord 
ing to the principles of the present invention; 

FIG. 2 is a block diagram illustrating a structure of an 
apparatus for charging a battery of an electric device that has 
a motor, constructed as an embodiment of the principles of the 
present invention; 

FIGS. 3A and 3B are diagrams illustrating dump power for 
charging the battery of the electric device of FIG. 2, as an 
embodiment according to the principles of the present inven 
tion; and 

FIG. 4 is a flowchart illustrating an operation of a method 
of charging a battery of an electric device that has a motor, as 
an embodiment according to the principles of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

As the invention allows for various changes and numerous 
embodiments, particular embodiments will be illustrated in 
the drawings and described in detail in the written descrip 
tion. However, this is not intended to limit the present inven 
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tion to particular modes of practice, and it is to be appreciated 
that all changes, equivalents, and Substitutes that do not 
depart from the spirit and technical scope of the present 
invention are encompassed in the present invention. In the 
description of the present invention, certain detailed explana 
tions of related art are omitted when it is deemed that they 
may unnecessarily obscure the essence of the invention. 

While such terms as “first,” “second, etc. may be used to 
describe various components, such components must not be 
limited to the above terms. The above terms are used only to 
distinguish one component from another. 
The terms used in the present specification are merely used 

to describe particular embodiments, and are not intended to 
limit the present invention. An expression used in the singular 
encompasses the expression of the plural, unless it has a 
clearly different meaning in the context. In the present speci 
fication, it is to be understood that the terms such as “includ 
ing or “having, etc. are intended to indicate the existence of 
the features, numbers, steps, actions, components, parts, or 
combinations thereof disclosed in the specification, and are 
not intended to preclude the possibility that one or more other 
features, numbers, steps, actions, components, parts, or com 
binations thereof may exist or may be added. 

Exemplary embodiments of the invention will be described 
below in more detail with reference to the accompanying 
drawings. Those components that are the same or are in 
correspondence are rendered the same reference numeral 
regardless of the figure number, and redundant explanations 
are omitted. 

FIGS. 1A through 1D illustrates electric devices with 
motors and batteries, constructed as embodiments according 
to the principles of the present invention. 

Referring to FIG. 1, a robot vacuum cleaner is illustrated in 
FIG. 1A. The robot vacuum cleaner is a cleaning device that 
Sucks up dust or foreign materials on the floor, automatically 
driving on desired regions to be cleaned without an operation 
of a user. Such a robot vacuum cleaner includes a battery (203 
of FIG. 2) and a motor (205 of FIG. 2) to drive wirelessly and 
includes a fan (not shown) as a load (207 of FIG. 2). In this 
regard, a motor (205 of FIG. 2) drives the load 207 to suck up 
dust or foreign materials. 

FIG. 1B illustrates an electric tool. The electric tool 
includes an electric motor and processes metal or wood by 
using a rotary power thereof. Such an electric tool also 
includes the battery 203 and the motor 205 to drive wirelessly 
and includes as the load 207 an electric saw (not shown) or a 
screwdriver (not shown) that screws a screw or a nut. In this 
regard, the motor 205 drives the load 207 to process metal or 
wood. 

FIG. 1C illustrates a wireless hair dryer. The wireless hair 
dryer includes the battery 203 and the motor 205 and includes 
as the load 207 a fan (not shown) that generates a hot wind. In 
this regard, the motor 205 drives the load 207 to generate a hot 
wind. 

FIG. 1D illustrates an electric bicycle. The electric bicycle 
includes the battery 203 and the motor 205 and includes 
pedals as the load 207. In this regard, the motor 205 drives the 
load 207 to allow the electric bicycle to automatically move. 

Although only the robot vacuum cleaner, the electric tool, 
the wireless hair dryer, and the electric bicycle are illustrated 
in FIG. 1, any electric devices that have the battery 203 and 
the motor 205 may be used. 

FIG. 2 is a block diagram illustrating a structure of an 
apparatus for charging a battery of an electric device that has 
a motor, constructed as an embodiment according to the prin 
ciples of the present invention. 
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4 
Referring to FIG. 2, the apparatus includes an external 

power supply providing unit 201, a battery 203, a motor 205, 
a load 207, a generator 209, a regulator 211, a battery man 
agement unit 213, a backflow prevention unit 215, a charger 
217, and a control unit 219. 
The external power supply providing unit 201 may be 

connected to an external power Supply via a built-in power 
Supply code. For example, the external power Supply provid 
ing unit 201 may be supplied with 220VAC power supply for 
operating an electric device from the external power Supply 
and may regulate the power Supply according to the applica 
tion of the motor 205, thereby providing the regulated power 
supply to the motor 205. 
The battery 203 drives an electric device by supplying 

charged power thereto. As shown in FIG. 2, the battery 203 
supplies the charged power to the motor 205. A battery is 
generally charged via a charger, but, in this embodiment, the 
battery 203 may be charged using various methods. Various 
charging methods of the battery 203 will be described later. 
The motor 205 is operated by power supplied from the 

external power supply providing unit 201 or the battery 203 to 
drive the load 207. A DC motor may be mainly used as the 
motor 205, but a direct current/alternating current motor may 
also be used. 
The load 207 is operated by the motor 205. As illustrated in 

FIG. 1, the load 207 may be a fan that sucks up dust in the 
robot vacuum cleaner, an electric saw (not shown) for pro 
cessing metal or wood in the electric tool, a screwdriver that 
screws a screw or a nut, a fan that generates a hot wind in the 
electric hairdryer, or the pedals for driving an electric bicycle. 
The generator 209 converts a kinetic energy generated by 

rotation of the motor 205 to an electric energy. The electric 
energy generated by the generator 209 may be used to charge 
the battery 203. 
The regulator 211 converts the electric energy generated by 

the generator 209 to power supply that is appropriate for 
charging the battery 203. The regulator 211 maintains a 
charging Voltage of the battery to be constant. 
The battery management unit 213 is connected to the con 

trol unit 219 and Supervises and manages charge/discharge 
states of the battery 203. 
The backflow prevention unit 215 prevents a backflow of 

current from the battery 203 during charging and discharging 
of the battery 203. 
The charger 217 charges the battery 203 by using power 

Supply Supplied by the external power Supply providing unit 
201. In this regard, the charging process is performed Such 
that an electric device itselfor the battery 203 is inserted into 
the charger 217. 
The control unit 219 controls all the operations of an elec 

tric device. In particular, the control unit 219 controls the 
battery 203 to be charged when the electric device is used. 
The control unit 219 continuously senses a state, i.e., a 

amount of the load, of the load 207 to charge the battery 203 
and provides various charging modes that allow the battery 
203 to be charged, for example, first, second and third charg 
ing modes when the sensed amount of the load is a reference 
value or lower. In this regard, the reference value indicates an 
operation value of the load 207 measured by the control unit 
219 when the load 207 is originally operated. For example, 
the case when the reference value may be a amount of the load 
may be a case when a fan of an electric vacuum cleaner is 
operated to Suck up dust, a case when an electric saw or a 
screwdriver that screws a screw or a nut of an electric tool is 
operated to process metal or wood, a case when a fan of a hair 
dryer is operated to generate a hot wind, or a case when pedals 
of an electric bicycle are operated to move the bicycle. When 
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the sensed amount of the load is the reference value or greater, 
the battery 203 is not charged. When the sensed amount of the 
load is less than the reference value, however, the battery 203 
is charged. In this regard, the case when the amount of the 
load is less than the reference value may be a case when the 
fan of the electric vacuum cleaner is operated in a dust-free 
space or the electric Vacuum cleaner is moved in operation, a 
case where the processing of metal or wood performed by the 
electric tool is temporarily stopped with power Supply applied 
to the electric tool or the electric tool is moved in operation, a 
case when a temperature of the fan of the electric hairdryer is 
increased to generate ventilation, or a case when the electric 
bicycle is moved without operation of pedals. In this case, 
since the amount of the load is less than the reference value, 
the battery is charged. 

In the first charging mode of the control unit 219, the 
battery 203 is charged using a power Supply that is output 
from the generator 209. In the first charging mode, the kinetic 
energy of the motor 205 is converted into the electric energy 
by the generator 209, and the electric energy goes through the 
regulator 211, the battery management unit 213, and the 
backflow prevention unit 215, thereby charging the battery 
2O3. 

In the second charging mode of the control unit 219, the 
battery 203 is charged using dump power. FIG. 3 illustrates 
dump power, i.e., Surging Voltages generated when the motor 
205 of the electric vacuum cleaner is turned off from an 
on-state or turned on from an off-state. When a pack Voltage 
of the battery 203 is 14.8V, as illustrated in FIG.3A, a surging 
current of 2.46A is generated when the motor 205 is turned on 
from an off state, and, as illustrated in FIG. 3B, a surging 
current of 1.9A is generated when the motor 205 is turned off 
from an on-state. The control unit 219 controls the battery 203 
to be charged using the dump power generated whenever the 
motor 205 is turned on or off. 

In the third charging mode of the control unit 219, the 
battery 203 is charged by users input. For this operation, a 
key (not shown) may be separately positioned outside the 
electric device. For example, ifa user pushes the key continu 
ously or once while moving the electric device, the control 
unit 219 receives a signal therefrom to allow the battery 205 
to be charged. In this regard, the battery 203 may be directly 
charged by the external power Supply providing unit 201 or 
may be charged using the electric energy that is generated by 
the generator 209 from the kinetic energy of the motor 205. In 
another embodiment according to the principles of the 
present invention, when the user button is pushed, the battery 
203 is charged using the charging power Supply provided by 
the charger 217. 

The control unit 219 gives priority to one of the first, 
second and third charging modes and thus the one of the first, 
second and third charging modes will be operated first. In this 
regard, the third charging mode may be selected to be per 
formed in top priority at any time in response to a selection of 
the third charging mode by user's input. For example, when a 
load amount is less than a reference value in a state where the 
priority is set in the order of the first charging mode, the 
second charging mode, and the third charging mode, the 
control unit 219 may charge the battery 203 using the first 
charging mode. In this regard, the priority may be set by a user 
purchasing an electric device or by a manufacturer when 
manufacturing an electric device. In one embodiment, when 
the electric device includes a button (not shown) for selecting 
the first, second and third charging modes, the control unit 
219 may charge the battery 203 using the corresponding 
charging mode by receiving a charging mode selection signal 
according to the user's button input. 
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6 
As described above, the control unit 219 may control the 

battery 203 to be directly charged by the external power 
Supply providing unit 201 not by using the first, second and 
third charging modes. 

FIG. 4 is a flowchart illustrating an operation of a method 
of charging a battery of an electric device that has a motor, as 
an embodiment according to the principles of the present 
invention. 
The control unit 219 senses a amount of the load of the load 

207 to charge the battery 203 (operation 401). 
Subsequently, it is determined whether the sensed amount 

of the load is less than a reference value (operation 403). In 
this regard, the reference value indicates an operation value of 
the load 207 measured by the control unit 219 when the load 
207 is originally operated. For example, the reference value 
may be a amount of the load when a fan of an electric Vacuum 
cleaner is operated to Suck up dust, when an electric saw or a 
screwdriver that screws a screw or a nut of an electric tool is 
operated to process metal or wood, when a fan of a hair dryer 
operated to generate a hot wind, or when pedals of an electric 
bicycle are operated to move the bicycle. 
As a result of the sensing operation, if the amount of the 

load is less than the reference value, the control unit 219 
enters one of the first, second and third charging modes (op 
eration 405) charges battery 203 by using the particular mode 
that has been entered (operation 407). In this regard, the case 
when the amount of the load is less than the reference value 
may be a case when the fan of the electric vacuum cleaner is 
operated in a dust-free space or the electric vacuum cleaner is 
moved in operation, a case where the processing of metal or 
wood performed by the electric tool is temporarily stopped 
with power supply applied to the electric tool or the electric 
tool is moved in operation, a case when a temperature of the 
fan of the electric hair dryer is increased to generate ventila 
tion, or a case when the electric bicycle is moved without 
operation of pedals. The control unit 219 gives priority to one 
of the first, second and third charging modes and thus the one 
of the first, second and third charging modes is operated first. 
In this regard, the third charging mode may be operated in top 
priority at any times by user's input. In addition, the battery 
203 may be charged using all of the first, second and third 
charging modes or any two of the charging modes. 
When the amount of the load is less than the reference 

value, the control unit 219 enters the first charging mode and 
controls the battery 203 to be charged using power supply that 
is output from the generator 209. In the first charging mode, a 
kinetic energy of the motor 205 is converted into an electric 
energy by the generator 209, and the electric energy goes 
through the regulator 211, the battery management unit 213, 
and the backflow prevention unit 215, thereby charging the 
battery 203. 
When the amount of the load is less than the reference 

value, the control unit 219 enters the second charging mode 
and controls the battery 203 to be charged with dump power. 
In this regard, the dump power may be, as illustrated in FIG. 
3, dump power, i.e., Surging Voltages generated when the 
motor 205 is turned off from an on-state or turned on from an 
off-state. Thus, the control unit 219 may control the battery 
203 to be charged whenever the motor 205 is turned on or off. 
When the amount of the load is less than the reference 

value, the control unit 219 may enter the third charging mode 
and controls the battery 203 to be charged by users input. For 
this operation, a key (not shown) may be separately posi 
tioned outside the electric device. For example, if a user 
pushes the key continuously or once while moving the elec 
tric device, the control unit 219 receives a signal therefrom to 
allow the battery 205 to be charged. In this regard, the battery 
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203 may be directly charged by the external power supply 
providing unit 201 or may be charged using the electric 
energy that is generated by the generator 209 from the kinetic 
energy of the motor 205. 
As described above, the control unit 219 may control the 

battery 203 to be directly charged by the external power 
Supply providing unit 201 not by using the first, second and 
third charging modes. 

The control unit 219 continuously senses the amount of the 
load and terminates the operation if the amount of the load is 
the reference value or greater (operation 409) or goes to the 
operation 403 if not. 
By using the apparatus and method according to the prin 

ciples of the present invention, the battery of the electric 
device is charged while the electric device is being used and 
thus it is not necessary to charge the battery before the electric 
device is used, which results in convenience of use. 
The particular implementations shown and described 

herein are illustrative examples of the invention and are not 
intended to otherwise limit the scope of the invention in any 
way. For the sake of brevity, conventional electronics, control 
systems, Software, and other functional aspects of the systems 
may not be described in detail. Furthermore, the connecting 
lines or connectors shown in the various figures presented are 
intended to represent exemplary functional relationships and/ 
or physical or logical couplings between the various ele 
ments. It should be noted that many alternative or additional 
functional relationships, physical connections, or logical con 
nections may be present in a practical device. Moreover, no 
item or component is essential to the practice of the invention 
unless the element is specifically described as “essential or 
“critical 

The use of the terms “a” and “an and “the' and similar 
referents in the context of describing the invention (especially 
in the context of the following claims) should be construed to 
cover both the singular and the plural. Furthermore, recitation 
of ranges of values herein are merely intended to serve as a 
shorthand method of referring individually to each separate 
value falling within the range, unless otherwise indicated 
herein, and each separate value is incorporated into the speci 
fication as if it were individually recited herein. Finally, the 
steps of all methods described herein are performable in any 
suitable order unless otherwise indicated herein or otherwise 
clearly contradicted by context. The use of any and all 
examples or exemplary language (e.g., “such as') provided 
herein, is intended merely to better illuminate the invention 
and does not pose a limitation on the scope of the invention 
unless otherwise claimed. Moreover, it is well understood by 
one of ordinary skill in the art that numerous modifications, 
adaptations, and changes may be made under design condi 
tions and factors without departing from the spirit and scope 
of the invention as defined by the following claims and within 
the range of equivalents thereof. 

It should be understood that the exemplary embodiments 
described therein should be considered in a descriptive sense 
only and not for purposes of limitation. Descriptions of fea 
tures or aspects within each embodiment should typically be 
considered as available for other similar features or aspects in 
other embodiments. 
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What is claimed is: 
1. An apparatus for charging a battery, the apparatus com 

prising: 
a load; 
a motor for driving the load; 
a battery that provides a power Supply to the motor; 
a generator, separate from the motor, that converts a kinetic 

energy that is generated by the motor to an electric 
energy; and 

a control unit that senses an amount of the load and, if the 
amount of the load is less than a reference value, charges 
the battery by a first charging mode, wherein the first 
charging mode is used to charge the battery by using the 
electric energy that is output from the generator. 

2. The apparatus of claim 1, further comprising an external 
power Supply providing unit that provides power Supply to the 
apparatus, wherein the control unit controls the battery to be 
charged using the power Supply provided by the external 
power Supply providing unit. 

3. The apparatus of claim 2, further comprising a charger 
that is connected to the external power Supply providing unit 
to charge the battery, wherein the control unit controls the 
battery to be charged using a charging power Supply provided 
by the charger. 

4. The apparatus of claim 1, wherein the control unit con 
trols the battery to be charged by a second charging mode by 
using dump power. 

5. The apparatus of claim 4, wherein the dump power is 
generated when the motor is turned off from an on-state or 
turned on from an off-state. 

6. The apparatus of claim 1, further comprising a regulator 
that maintains a charging Voltage of the battery constant. 

7. The apparatus of claim 1, further comprising a backflow 
prevention unit that prevents a backflow from the battery. 

8. The apparatus of claim 1, wherein the control unit con 
trols the battery to be charged by a third charging mode by 
users input. 

9. The apparatus of claim 8, further comprising a user 
button for the third charging mode. 

10. The apparatus of claim 9, wherein, when the userbutton 
is pushed, the battery is charged using the electric energy 
output from the generator. 

11. The apparatus of claim 9, wherein, when the userbutton 
is pushed, the battery is charged using the power Supply 
provided by the external power Supply providing unit. 

12. The apparatus of claim 9, wherein, when the userbutton 
is pushed, the battery is charged using the charging power 
Supply provided by a charger. 

13. A method of charging a battery, the method is used to 
operate an electric device that comprises a motor for driving 
a load and a battery for providing a power Supply to the motor, 
the method comprising: 

sensing an amount of the load; and 
charging the battery by a first charging mode when the 

sensed amount of the load is less than a reference value, 
wherein the first charging mode converts kinetic energy, 
generated by the motor, to an electric energy, by a sepa 
rate generator, to charge the battery. 

14. The method of claim 13, further comprising charging 
the battery by a second charging mode by using dump power. 

15. The method of claim 14, wherein the dump power is 
generated when the motor is turned off from an on-state or 
turned on from an off-state. 

16. The method of claim 13, further comprising charging 
the battery by a third charging mode by users input. 

k k k k k 


